OBJECTIVE: Infant mortality among extremely preterm infants (22 to 28 weeks gestation) varies considerably by gestational age. The reduction in mortality over a 20-year period, when examined in gestational age week increments, may give a more precise estimate of progress or lack thereof in caring for these infants and provide information to better inform practitioners and parents of the risk of mortality among these small infants. The objective of this analysis is to examine infant mortality (birth to 365 days) by week of gestation for infants 22 to 28 weeks gestation comparing mortality rates, adjusting for maternal and infant birth characteristics, among US births for the years 1990, 2000 and 2010. STUDY DESIGN: US vital statistics period-linked birth and infant death certificate files for the years 1990, 2000 and 2010 were used. Maternal and infant characteristics for births at 22 to 28 weeks were abstracted from the files. A trimming procedure was used to remove records that had birth weights that exceeded the interquartile range of birth weights for a given week of gestational age. Infant mortality rates were calculated, and adjusted odds ratios for mortality were generated using logistic regression models. RESULT: A total of 15 593 live births, 22 to 28 weeks gestation were available for the year 1990; 17 095 for the year 2000; and 14 721 for the year 2010. Infant mortality rates ranged from 904 per 1000 live births at 22 weeks gestation in 1990, to 835 in 2000, to 866 in 2010. Across all gestational age groups there was an adjusted reduction in the odds ratio for mortality of~50% from 1990 to the year 2000. However, between 2000 and 2010 there was no significant reduction in infant mortality except at 25 weeks gestation (adjusted odds ratio = 0.81, 95% confidence interval = 0.70, 0.93). CONCLUSION: Despite a significant reduction in infant mortality among extremely preterm infants between the years 1990 and 2000, there has been little progress in reducing mortality between the years 2000 and 2010.
INTRODUCTION
Information on mortality trends among extremely preterm infants (22 to 28 weeks gestation) in the United States comes primarily from various networks of neonatal intensive care units. [1] [2] [3] [4] [5] [6] These networks consolidate their data across units and provide important information on progress in survival and morbidities experienced by these smallest of infants who received within these network intensive care units the most advanced care. National vital statistics data that record the births and deaths of all infants within the United States provide a more general perspective of the fate of extremely preterm infants, some of whom may never reach tertiary-care facilities. Thus, the examination of US vital statistics data for the trends in mortality among this group of infants may give a somewhat different view of mortality outcome than that provided by neonatal networks.
Examination of mortality rates varies greatly by gestational age within this group of infants. Thus, reports of changes in mortality rates for the composite of gestational ages that make up this group fail to give perspective to the unique contribution that each of these stages of gestation makes to the composite rate. For example, a recent report from the National Institute of Child Health and Human Development Neonatal Research Network reported a 9.6% decline in mortality for a composite group of 22 and 28 weeks gestation infants for the years 2004 to 2007 and 2008 to 2011. 6 If examined by individual gestational age weeks, however, there is considerable overlap in the 95% confidence intervals of mortality estimates indicating no significant differences at 22 weeks, 26 weeks and 27 weeks. In addition, there are few reports that examine trends over 410 to 15 years. Reports of trends quite often will consolidate data into epochs of 3 to 5 years comparing trends in mortality across various epochs to increase the numbers of records available for analysis and statistical precision. 2, 3, 6 Doing so, however, blurs distinct lines of the types of care offered. Management of these infants may be modified within these 3 to 5-year epochs, thus failing to capture sharp changes in mortality as management changes and longer periods of time are allowed to elapse before re-examination of mortality rates.
The objective of this analysis is to examine gestational age week-specific mortality rates for the group of extremely preterm infants born between 22 and 28 weeks gestation using US vital statistics data comparing rates that occurred in the years 1990, 2000 and 2010. These years demarcate distinct eras in the management of this group of infants. The beginning of the decade from 1990 to 2000 saw the introduction of surfactant and consensus building for the use of antenatal steroids 7, 8, 9 and in the second decade from 2000 to 2010, the refinement of ventilation strategies and improved nutrition. 10, 11 METHODS US-linked infant birth and death certificate period files were downloaded from the National Center for Health Statistics for the years 1990, 2000 and 2010. 12 Maternal demographic, pregnancy, labor and delivery characteristics and infant birth characteristics were extracted from the files. Only births with gestational ages from 22 to 28 weeks were examined for this analysis. Only records with information on all variables were utilized.
One of the challenges associated with using vital statistics data is the misclassification of records by gestational age. The best estimated gestational age from US vital statistics data uses the recorded date of the last normal menses or a clinical estimate of gestational age if the latter appears inconsistent with birth weight. 13 The algorithm for determining whether a birth weight should be considered inconsistent for a particular gestational age, however, has exceptionally large ranges for gestations of o32 weeks. 14 For example, birth weights of up to 2000 g are considered consistent with gestational ages of 22 and 23 weeks and birth weights of up to 3000 g are considered consistent with gestational ages of 24 to 27 weeks. Because of these exceptionally broad ranges, a trimming procedure was used to select records that were much more likely to be representative of infants born at these extremely low gestational ages. For this analysis a composite data set of all 3 years was created and the distribution of birth weights associated with each gestational age generated. The interquartile range of weights (25 to 75th percentile) for each gestational age was recorded and only those records from each year that fell within that interquartile range were selected for analysis ( Figure 1 ). This trimming procedure resulted in the loss of 45 801 records from the original 93 213 available or~50% of the records at each gestational age. The resulting distribution of remaining records at each gestational age, however, fall well within the established 10 to 90th percentiles of US nationally referenced fetal growth charts. 15, 16 The χ 2 -test for general association was used for nominal variable comparisons and Student's t-test was used to compare means of continuous distributions. Logistic regression models were used to determine odds ratios and 95% confidence intervals for the primary outcome variable, infant death, comparing the year 2000 to 1990 and 2010 to 2000 adjusting for potentially confounding variables determined to be significantly associated with the year of birth. All analyses were conducted using SAS (SAS Institute, Cary, NC, USA). An arbitrary level of significance was designated if the generated P-value was 0.05 or less or the 95% confidence intervals of estimated odds ratios excluded 1.0.
RESULTS
In the trimmed data set there were 15 593 records available for the year 1990; 17 095 from the year 2000; and 14 721 for the year 2010. Significant changes in population characteristics of the women delivering this group of extremely preterm infants occurred ( When examined by specific weeks of gestation there were significant reductions in infant mortality at every week of gestation when comparing the year 2000 with 1990. Following adjustment by logistic regression for all the significant variables listed in Table 1 , the adjusted odds ratios for mortality suggested a reduction in mortality of 40 to 50% at each gestational age week ( Table 2 ). For example, at 22 weeks gestation the IMR decreased from 90.4% in 1990 to 83.5% in the year 2000. Following adjustment for significant population characteristics the resulting adjusted odds ratio (95% confidence interval) comparing the year 2000 with 1990 was 0.50 (0.37, 0.67). Similar results were observed for the remaining gestational age intervals ( Table 2 ). In comparing the infant mortality between the years 2010 and 2000 there were no significant reductions in the adjusted odds ratios except for infants born at 25 weeks. The unadjusted IMR dropped from 24.9 to 22.9% and the adjusted odds ratio (95% confidence interval) dropped o20 to 0.81 (0.70, 0.93).
To take into account progress only among those infants in which active intervention and resuscitation had taken place, only those infants who were reported to have received mechanical ventilation were analyzed (Table 3 ). This analysis provided more varied results, but in general, reductions in the adjusted odds ratios for the comparison of the year 2000 with 1990 occurred at each gestational age except 22 weeks. Although the adjusted odds ratio at 22 weeks was 0.56 the 95% confidence interval included 1.0 (0.27, 1.15). This may reflect the smaller number of records available for this gestation that received mechanical ventilation and thus the loss of power to derive statistical significance. For the comparison of the year 2010 with 2000, the adjusted odds ratios were significantly reduced for the gestational ages of 24 weeks, 25 weeks and 27 weeks.
DISCUSSION
The results of this analysis suggest that despite significant reductions in infant mortality among the extremely preterm group of infants between 1990 and 2000, there has been little significant progress in the subsequent 10 years between 2000 and 2010. What is also apparent is that among the most preterm infants 22 to 24 weeks gestation, a greater effort in resuscitating and rescuing these infants occurred between 1990 and 2010 as illustrated by the nearly doubling of the proportion of both survivors and non-survivors who received some form of mechanical ventilation after birth. For example, the proportion of all births at 22 weeks who received mechanical ventilation increased from 22.4% in 1990 to 30.7% in the year 2000 and to 43.6% in the year 2010. The unadjusted IMRs at 22 weeks did decline significantly from 85 to 74.5 to 64.6%, although the adjusted odds ratios did not. This suggests that among those infants in whom efforts to resuscitate and rescue were made, mortality reductions were achieved in terms of the unadjusted IMR. Again, the failure to achieve statistical significance for the adjusted odds ratios may have to do with the smaller number of records available for this gestational age group and thus lack of power to demonstrate statistical significance. To support the speculation that more effort is being made to intervene in the rescue of these infants is the observation of increased utilization of cesarean section for the entire group of 22 to 28 weeks gestation births from 26.1% in 1990 to 37.9% in 2010.
Of interest are the changing demographic characteristics of the population of women delivering these extremely preterm infants. The proportion of women 435 years of age increased significantly between 1990 and 2010 from 9.7 to 16.1% as did the proportion of women with college or higher educations, 12.4 to 21.3%. Related to these demographic changes is the noticeable increase in multiple births from a prevalence of 26.0% in 1990 to 35.5% in 2010. This supports others' observations in the overall birth population of the United States of the increase in reproductive efforts by an older and more highly educated population as well as an increase in the utilization of assisted reproductive technologies. 17, 18 Other recent studies of mortality over time among this extremely preterm group conducted in networks or individual centers have produced varied results. The most recent study from the National Institute of Child Health and Human Development Neonatal Research Network-Neonatal Network reports a significant decrease in mortality for the group (22 to 28 weeks) between epochs 2004 to 2007 and 2008 to 2011. 6 Nevertheless, given the substantial differences in mortality rates by week of gestational age presented in the Network paper (949 per 1000 live births at 22 weeks to 115 at 28 weeks) the changes, or lack thereof, in mortality at specific weeks of gestation may be obscured.
A recent Canadian quality-improvement program examined mortality over a 4-year period, 2008 to 2012, and observed no significant reduction in mortality in groupings of infants 22 to 25 weeks gestation or 26 to 28 weeks. 19 A recent study from a Spanish Network (SEN 1500) examined changes in mortality over two periods (2002 to 2006 and 2007 to 2011) by week of gestation for infants 22 to 26 weeks and observed no significant change for infants born at 22 weeks to 24 weeks, but a reduction in mortality beginning at 25 weeks between the two periods. 20 Observations from another Canadian Neonatal Network for the years 1996 to 1997 vs 2006 to 2007 for infants 23 to 28 weeks gestation reported no significant reduction in mortality following adjustment for maternal and infant risk characteristics (adjusted odds rati = 1.13, 95% confidence interval = 0.92, 1.40). 21 A survey of mortality rates in a region of northern England among infants 24 to 27 weeks gestation over three epochs (1988 to 1994, 1995 to 2001, 2002 to 2008) did record a reduction in mortality between the first and second epoch, 419 per 1000 live births to 371 and from the second to third epoch, 371 to 321. 22 Again, the change in the composite mortality rate may obscure changes or lack of change for the gestational age-specific week rates. A populationbased Finnish study for the years 1996 to 1997 compared with 1999 to 2000 for infants 22 to 26 weeks reported no significant changes in the composite mortality rate (47% vs 54%, P = 0.17). 23 Infant mortality in a Japanese center reported a drop in mortality from 56% in 2000 to 2004 to 32% in 2005 to 2009. 24 A larger survey of 297 Japanese institutions that admitted extremely low birth weight infants for years 1990, 1995, 2000 and 2005 reported a significant decrease in mortality at o28 weeks grouped in 2-week intervals (22 to 23, 24 to 25 and 26 to 27) between the years 2000 and 2005. 25 Unfortunately, this analysis cannot evaluate the quality of the survival. Other analyses using network or individual center data that have examined death and/or severe morbidity outcomes demonstrate considerable variability. The Canadian qualityimprovement program that examined a composite outcome of death or any morbidity consisting of bronchopulmonary dysplasia, severe neurologic injury, severe retinopathy of prematurity, necrotizing enterocolitis or nosocomial infection for the years 2008 compared with 2012 reported improvement in the 26 to 28 weeks gestation category, but not in infants born o 26 weeks. 19 The Spanish EPI-SEN study reported improvement in survival without major morbidity at 24 and 25 weeks gestation, but not at 22, 23 or 26 weeks in comparing two periods (2002 to 2006 vs 2007 to 2011). 20 The Vermont Oxford Network, although not reporting major morbidities by gestational age but by birthweight categories, reported a statistically significant drop in the prevalence of major morbidities between the year 2000 compared with 2009 in the smallest category of 501 to 750 g from 84.0 to 82.7% (P o 0.001). 5 An National Institute of Child Health and Human Development Neonatal Research Network-Neonatal Network study comparing two earlier periods (1991 to 1994 vs 1995 to 1998) reported an improvement in mortality among infants 22 to 24 weeks gestation between the two periods, but an increase in major morbidities. 2 A similar National Institute of Child Health and Human Development Neonatal Research Network-Neonatal Network study comparing a slightly later period (1995 to 1996 vs 1997 to 2002) again found 'no significant increases in survival without neonatal and long-term morbidity among very low birth weight infants', between the two periods. 3 The Victorian Infant Collaborative Study Group provides the longest look over time of outcomes of infants 500 to 999 g from 1979 to 2005 and reports an improvement in survival over time, but no significant change in the prevalence of morbidities. 26 
US mortality among extremely preterm infants
Of course, the decision to actively intervene to support these extremely preterm infants does affect outcome. As Arnold and Tyson argue, 'multiple factors can be readily used to more accurately assess the benefits and burdens of intensive care and facilitate better informed parental counseling and decision making'. 27 On the basis of the analysis presented here, when intervention is attempted in the form of mechanical ventilation in this group, mortality rates did appear to improve across the 3 years examined, although statistically significant improvements in adjusted odds ratios showed improvement only at 24, 25 and 27 weeks gestation. Whether or not an infant requires cardiopulmonary resuscitation in the delivery room beyond simply a requirement for ventilation has an adverse effect both on mortality and morbidity. 28 Nevertheless, a most recent study suggests the most adverse effects occur only among infants 423 weeks gestation producing an increased risk for mortality as well as grade 3 or 4 intraventricular hemorrhage. 29 Mortality and morbidity among infants 22 to 23 weeks did not appear changed. Perhaps this observation is testimony to how tenuous the likelihood of survival is among the most immature infants.
There are several challenges associated with using vital statistics data. As stated in the Methods Section the misclassification of infants by birth weight for gestational age is a major problem. This problem was circumvented, albeit at the loss of a large number of records, by the trimming procedure that was used. Figure 1 demonstrates the problem in including the untrimmed data. For example, at 22 weeks gestation the untrimmed data includes birth weights up to 2000 g. Taking the interquartile range guarantees a range of birth weights that fall well within all established birth weight for gestational age growth curves. The resulting population used to estimate mortality thus represents the very core of infants born at these extremely low gestations. The strength of using vital statistics data is that it provides a national estimate of mortality among these infants outside of necessarily high levels of care as are reported from network and regional cooperative data. In addition, because these births are drawn from a national sampling frame, the sample size available for a specific period in time is much larger and can provide a snapshot in time that may reflect distinct moments in the history of care of these infants that may offer sharp contrasts to care and outcomes accumulated over several years.
In conclusion, this analysis of national vital statistics data documents a reduction in mortality among the most extremely immature infants at 22 to 24 weeks gestation between 1990 and 2000, but no significant reduction between the year 2000 and 2010. This lack of reduction may be related to the continued hesitancy to intervene and resuscitate these smallest infants. Infants in which active intervention was documented did show evidence of reduction in the infant mortality rates across all gestations and time intervals. Gestational age-specific adjusted odds ratios for infants receiving mechanical ventilation demonstrated significant reductions between 2000 and 2010, however, only at 24, 25 and 27 weeks. As suggested by the American Academy of Pediatrics Committee on Fetus and Newborn, 'Whether to initiate resuscitation of an infant born at an extremely low gestational age is a difficult decision, because the consequences of this decision are either the inevitable death of the infant or the uncertainties of providing intensive care for an unknown length of time with an uncertain outcome.' 30 Despite the continued search for a more accurate predictive model, the decision to intervene in the most immature of these infants will always be associated with risk and the anxiety associated with second guessing whether or not the right thing was done. Nevertheless, we should remember our duty as physicians, 'To cure sometimes, to help often, to comfort always.' 31 
